ABSTRACT
INTRODUCTION
In order to manage at best the MV overhead network, the knowledge of the condition ? of its components and the related risks is required. The network reliability is thus related to the strength of equipments and to meteorological fluctuations. The on-going study in EDF R&D will allow to know the network mechanical condition , its behaviour along time and as a deduction the failure risk in the case of climatic event. This knowledge will take shape of a tool based on MV lines ageing modelling. This tool will allow the network operator to improve the management of its investment policy by optimizing costs. The completion of such a model is based on a statistical analysis of meteorological conditions, on physical degradation laws and on the experience of local operators. This study is therefore conducted in close co-operation with a regional operation unit.
AGEING OF MEDIUM VOLTAGE OVERHEAD LINES
Several parameters are at stake in MV lines ageing. The work performed in 2008 and summarized in this paper defined the meteorological environment and all the components ageing modes. The data will be completed and combined in 2009. The methodology used in the final tool is also described.
THE CLIMATIC ENVIRONMENT
The climatic environment is a parameter which defines not only the mechanical strength of the network but also which causes its degradation. These degradations may be different according to the geographic zones. The question is not to define different zones for each parameter (too many different situations would appear) but to define the climatic conditions in a given zone (the order of magnitude of the zone covers a French département (100x100km), but it might be more or less precise). The definition of a climatic environment is given by the collection of parameters such as wind speed, ambient temperature , etc. The collection should not be too vast which would require many efforts without gaining in precision. A balance should be done. In a first time an arbitrary detail level will be defined as reasonable (geographic and time scale sampling) in order to settle the model. The variation ranges for each parameter will be defined on the studied territory. Once the model established, the impact on the result of each parameter variation will be studied, in order to determine if sampling should be more or less precise. Two types of data are put forward to characterize two types of events : mean events and exceptional events.
The mean parameters
These parameters characterize the environment of the network. These parameters will govern the degradation speed of components hence the lifetime of the line. These parameters are :
-Mean wind : it is characterized by a Weibull distribution. The wind direction is always considered at 45° from the line. The roughness (value characterizing the turbulences due to environment) is taken into account. 
The exceptional conditions
These are the major climatic events which may cause the failure of the line. These events allow the definition of a failure return period as a function of the mechanical strength of the MV line after ageing. The growing ageing of the line will result in lowering exceptional conditions which may endanger the line. The parameters taken into account are : -High winds and associated mapping.
-Accretion phenomena and associated mapping.
THE ASSETS
The factors defining assets are also taken into account. One finds the age of the line, its geographical location and various maintenance and evolution works on the line. For this reason the study is performed in liaison with an operational unit. The goal is to know the history of the line, from its construction (starting point of ageing) to now. The data bases do not give all necessary information, so it is important to consult network operators. Now a study is being conducted with an operational unit as pilot in order to identify the lines representing the situation of network, these lines will serve as a base to implementation and tuning of the final tool.
EVOLUTION OF DESIGN RULES
The ageing of a line depends on the design rules in force at construction time. It is commonplace to observe that the dimensioning rules evolved along the time. New load cases have been introduced, others have been modified. The study takes into account these evolutions in order to get closer to actual situation.
THE AGEING RULES
The degradation modes specific to each line component are examined. All line families of components have been considered. All components are not subject to ageing as observed on site..
The conductors
The phenomena which are taken into account are the creep, the non-elastic non-linear behaviour of conductor, the broken strands due to lightning impacts and vibratory phenomena.
The supports
Two types of supports are identified. Wood poles and concrete ones.
The wood poles
The various studies showed that no link is possible between mechanical strength and time. But the humidity ratio in wood poles is an indicator of residual mechanical strength. Non-destructing monitoring devices can measure this ratio on site, allowing to know if the pole is sane or if its strength is impaired. The concrete poles These supports are degraded by corrosion of steel reinforcement. When steel is corroded, its useful sectional area decreases involving a loss in strength. Rust being more bulky than steel, it triggers the splitting of concrete cover and appearance of spalls on one side, and a decrease in pole mechanical strength on the other side. 
The fittings
The wearing of U-bolt eye assembly is a recurrent problem on the network. They are wearing by the insulator sets swinging and end up by a complete break down after several decades. This is notably a safety problem for live line maintenance. A model is under study : it includes the analysis of climatic conditions and assembly geometry. The goal is to anticipate the instant where the mechanical strength of the assembly will be regarded as insufficient.
METHODOLOGY
The selected method is based on a numeric simulation. For some elements it means a great extent of random samplings representing the possible events. So the goal is to obtain a strength distribution of the degraded line, and an extrapolation in the future.
Step 1 : definition of initial conditions. The original line parameters are established according to the building date.
Step 2 : Ageing calculation on one year or several years. The input data are mean meteorological conditions. The new residual strenght is evaluated with the ageing laws of each line component.
Step 3 : calculation of a possible degradation due to an exceptional event. A random sampling defines the exceptional meteorological conditions occurring close to the line. The sampling probability of an event is given by the return period of this event. For instance with a maximum wind V1max>V2max, the return period will be P1 for V1max and P2 for V2max with P1>P2. These various values being derived from analysis of meteorological conditions in the region during 20, 30 or 50 last years. This calculation depends on the maximum value defined in these conditions and may be far from the design value of the line.
Step 4 : taking into account of maintenance operations. This step allows to replace the defective components in order to keep the model as close as possible to the actual condition of the line.
Step 5-1 : comparison of the residual mechanical strength to design rules in force. Allows to identify the line weak points.
Step 5-2 : Calculation of a failure risk indicator, taking into account the residual strenght and the probability of a type of climatic event.
Step 6 : resuming of the calculations from step 2 in order to cover the line lifetime.
Step 7 : Definition of a final condition for the considered period. This represents a possible occurrence of the line lifetime. The goal is to realize a great number of occurrences in order to determine the calculation convergence and error margins. The calculations converge to a probable strength and a solution close to real condition.
Step 8 : Once one finds the solution close to real, the goal is to continue the calculations into the future in order to define the key moment when maintenance will be required. The same process of exceptional events random sampling is used in the future.
The definition of the risk indicator thresholds being the responsibility of the network operator, can manage its network and related investments more easily.
CONCLUSION
The on-going studies could define the environmental parameters acting on MV lines ageing. The ageing laws for various components have been determined. Some of them need further improvements. During 2009, a model based on these elements should help to elaborate a decision making tool allowing to the French distribution network operator to improve the optimisation of its investments. This tool based only on technical considerations (mechanical strength and ageing of lines) might be integrated later to a global platform taking also in account the economic constraints and system aspects.
